MicroRNAs (miRNAs) have been recognized as a key regulator in plant development and metabolism. Recent reports showed that the miRNAs of medicinal plants not only act as a critical modulator in secondary metabolism but also had a great potential of performing cross-kingdom gene regulation. Although several plant miRNA repositories have been publicly available, no miRNA database specific for medicinal plants has been reported to date. Here, we report the first version of MepmiRDB (medicinal plant microRNA database), which is freely accessible at http://mepmirdb.cn/mepmirdb/index. html. This database accommodates thousands of miRNA candidates belonging to 29 medicinal plant species. The miRNA information on sequences, expression patterns and regulatory networks has been included in the functional modules of the database. Specifically, the 'Sequence' module provides the sequences of the mature miRNAs and their precursors, and the structure information of the precursors. Moreover, the processing and small RNA accumulation signals on the miRNA precursors are also included in the 'Sequence' module. The organ/growth condition-specific expression information of the mature miRNAs has been stored in the 'Expression' module. The 'Interaction' module offers the information of the degradome-validated miRNA-target pairs of eight plant species. The 'Search' module enables users to search for the miRNAs Page 2 of 6 Database, Vol. 2019, Article ID baz070 by plant species and miRNA families, or by sequences. All data in this database are available for download. Taken together, the functional modules of MepmiRDB ensure its importance and timeliness for mechanistic and functional studies on the medicinal plant miRNAs.
Introduction
MicroRNAs (miRNAs) play critical roles in diverse biological processes of plants, such as growth and development, stress response and metabolism (1) . Currently, there are several databases accommodating information of plant miRNAs, such as miRBase (2) , PMRD (3), miRNEST (4), miREX (5), PmiRKB (6) and PNRD (7) . However, to date, no database has been established specifically for the miRNAs of medicinal plants. Here, we report the first version of MepmiRDB (medicinal plant microRNA database) including 29 medicinal plant species, most of which are listed in the pharmacopoeia of the People's Republic of China (8) .
Increasing pieces of evidence point to the pivotal role of plant miRNAs in modulating the biosynthesis and accumulation of secondary metabolites (9, 10) . It is particularly important for the medicinal plants since a dominant portion of the bioactive ingredients are produced through the secondary metabolic pathways (11) (12) (13) (14) . On the other hand, miRNAs have become a charming candidate for therapeutic management of cancer and other intractable diseases (15) . Notably, several reports indicated the ability of plant miRNAs in cross-kingdom communication (16) (17) (18) (19) , and some studies showed the high stability of certain ingested miRNAs during circulation in human or animal bloodstream (20) (21) (22) . These lines of evidence point to the possibility that the exogenous, plant-derived miRNAs could perform target regulation in human body. In this regard, the miRNAs emerged as the bioactive components of medicinal plants (23) (24) (25) . Taken together, the abovementioned points formed the driving force for design and construction of MepmiRDB, which has been freely available online (http://mepmirdb.cn/mepmirdb/index.html).
Database construction and contents
The database structure has been illustrated in Figure S1 and S2. Five major functional modules, including 'Sequence', 'Expression', 'Interaction', 'Search' and 'Download', are available in MepmiRDB ( Figure 1A ) and are described below.
The 'Sequence' module
Sequence information of thousands of the miRNAs belonging to 29 plant species was included in this module. All of the miRNAs were predicted by using the recently published workflow PmiRDiscVali (26) . These miRNAs were generally divided into conserved and nonconserved ones. By comparing to all of the plant miRNAs registered in miRBase (release 21), the sRNAs with identical sequences were extracted from the sRNA-seq (small RNA sequencing) data sets, and were regarded as the conserved miRNAs existed in specific medicinal plants (Figure 2A for example). Besides, 86 RNA-seq datasets of 23 plant species were employed for transcriptome assembly by Trinity (trinityrnaseq_r20140717, default parameters) (27) . The assembled transcripts were served as the basic data for miRNA precursor discovery by using miRDeep-P (v1.3, default parameters) (28) . We noticed that a large portion of the miRDeep-P predictions belonged to the non-conserved miRNAs ( Table 1 ), suggesting that these miRNA candidates might be evolutionarily young or species-specific.
An overview of the sequence characteristics shows that around 50% of the miRNA candidates start with 5' U and are 21 nt in length ( Figure 1B and C), which is consistent with the known sequence features of plant miRNAs (1) .
Degradome-seq data is useful for tracking the processing signals of miRNA precursors (29, 30) . For eight plant species with degradome-seq data, the 'Sequence' module provides the detectable processing signals on the secondary structures of the pri-miRNAs ( Figure 2C and D). Additionally, sRNA expression levels on the miRNA precursors were achieved by mapping the sRNA-seq data onto the primiRNAs. In many cases, the highly enriched accumulation regions of the sRNAs correlated well with the mature miRNA-coding regions, indicating the high reliability of the pri-miRNA candidates ( Figure 2C and D) .
The 'Expression' module
The module provides the organ/growth condition-specific expression information of the mature miRNA candidates ( Figure 2B ).
The 'Interaction' module For the eight species with degradome-seq data, miRNA target prediction was performed by using the psRNATarget algorithm (2017 Update, default parameters) (31) , treating the assembled transcripts and the mature miRNA candidates as the input data. Then, the predicted miRNA-target Table 1 . The number of microRNAs reported by the current version of MepmiRDB. pairs were subject to degradome-seq data-based validation according to the previously reported method (32) Figure 2E and F) . Besides, the transcripts interacting with the miRNA targets at the protein level were retrieved from the STRING database (33) by using BLASTX (34) (v2.2.26, E-value <1e-3, query coverage >50%, identity >35%). As a result, the protein-protein interactions were also visible in the regulatory networks ( Figure 2E ).
The 'Search' module
The module enables users to search for the miRNAs by plant species and miRNA families, or by sequences. For sequence search, it enables users to perform either 'exact' or 'fuzzy' search.
Other functional modules
The 'Statistics' module provides users with statistical information in both table and figure formats. Besides, all of the sequence and expression information reported in MepmiRDB has been made freely available in the 'Download' module. A help document is available in the 'Help' module for the first-time visitors. 
Conclusion
All of the modules provided by MepmiRDB ensure its importance and timeliness for mechanistic and functional studies on the medicinal plant miRNAs. It is foreseeable that MepmiRDB will attract wide attention from medical and pharmaceutical researchers, and plant biologists.
